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The effects of radiation damage in macromolecular crystallography 

cannot be overcome. The situation can only be improved by merging data 

from a subset of homogeneous samples.  This approach can be applied to 

assemble a complete data set and to increase the signal to noise level of 

experimental data. The anomalous signal, success in SAD substructure 

determination and accuracy of phases and electron-density maps all 

improve with an increase in the number of crystals used in merging. 

we evaluated the possibility of using hierarchical cluster analysis using 

the cluster distance metric based on the intensity correlation coefficients 

as an instrument for such a selection. 



Type of measurement Total number 
of crystals

Inverse 
beam 
strategy

X-ray Energy 
(keV)

Resolution
(Å)

Rotation range 
(º)

Oscillation 
range (º)

Dose
(MGy)

Insulin 12 Yes 9 2.2 50 + 50 2 1

Trypsin 17 No 9 2.2 360 2.25 1

AroF 12 Yes 12.6 3.5 90+90 1.5 1

Thaumatin 13 Yes 6.8 2 100+100 1 2

Insulin : 3 loops
Loop1, 8 crystals
Loop2, 2 crystals
Loop3, 3 crystals

Trypsin : 15 loops 

Loop1, 6 crystals
Loop2, 2 crystals
Loop3, 3 crystals 
11crystals mounted individually

AroF : 3 loops
Loop1, 3 crystals
Loop2, 4 crystals
Loop3, 5 crystals

Thaumatin:
 loops 9

Loop1, 6 crystals
Loop2, 2 crystals
7 crystals 
mounted 
individually

SAD DATA COLLECTION



Hierarchical Cluster Analysis

ccI  correlation coefficient of 
intensity

Linkage

Average Linkage
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merged data set

Insulin






           














































































           











merged data set
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Insulin



TRYPSIN
P3121






































































































































   



Merged data set

Data sets from the same cluster Data sets from  different clusters























          










































           


























































































































































   






































































































































   

Merged data set

TRYPSIN



THAUMATIN
P41212























































































































































 





















































































































































































 





























Data sets from the same cluster

Merge data sets
Merge data sets

Data sets from  different clusters

THAUMATIN
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THAUMATIN



THAUMATIN



AroF
11 SelenomethioninesP6422




















































































































Merged data set

Merged data set











































































































































































































































































         
























































         















AroF
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AroF



F1ATPASE

2 select position of the same crystal
Merged data set



Software implementation

XDS XSCALE

Python/RPy Dendrogram

Diffraction 
images

Matrix of the correlation 
coefficient of intensity

log file



Courtesy of Ricardo Leal



    
1. Using pair correlation coefficients, the proteins 

crystals under study can be clearly separated into 
clusters.  

2. Data collection statistics, for anomalous x-ray 
diffraction, can be improved by merging isomorphic 
data sets from frozen crystals. In the case of non-
isomorphism the quality of the merged data set will 
be worse than the individual data sets. 

3. The software implementation of the method is 
currently ready to use.

CONCLUSION
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